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Contact behaviour of
children and parental
employment behaviour
during school closures
against the pandemic
influenza A (H1N1-2009)
in Japan
Kenji Mizumoto1,2, Taro Yamamoto2 and
Hiroshi Nishiura1,3
Abstract
Objectives: To identify epidemiological determinants of the contact behaviour of children and
their impact on parental employment, during school closures that took place over the course of
the 2009 pandemic influenza (H1N1-2009) in Japan.
Methods: A retrospective survey was conducted in Japanese households between October 2009
and May 2010 by administration of a standardized questionnaire. Demographic and behavioural
variables were explored, in association with the frequency with which children left the home and
the risk of parents being absent from work during school closures.
Results: Data from 882 eligible households were analysed. A total of 181/882 (20.5%) of
households reported that children left the home for nonessential reasons during school closures.
No impact on parental working hours was reported by 742/882 (84.1%) of households. Univariate
analyses showed that the frequency with which children left the home was dependent on age,
extent of school closure and requirement for special childcare arrangements.
Conclusions: A greater understanding of age-dependent behaviours, during school closures as a
consequence of a pandemic, is required. Consideration of a public policy to permit a paid leave
of absence from work for parents during school closures may be beneficial; the cost-effectiveness
of such a measure should be assessed in future.
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Introduction
School closure is a key component of public
health interventions against an influenza
pandemic.1 Public health interventions are
conventionally classified into pharmaceut-
ical and nonpharmaceutical interventions.
Nonpharmaceutical interventions are non-
specific but are applicable in a variety of
settings, including school closures. It is
important to put in place nonpharmaceuti-
cal interventions at the emergence of a
pandemic, since vaccine production and
distribution may take 4–6 months.
Furthermore, the stock of antiviral agents
tends to be limited by serious concerns over
the spread of resistant strains.1
School children are known to act as
maintenance hosts of influenza, therefore
the rationale for a school closure pro-
gramme is to reduce contact and subsequent
transmission within the school setting.2
During the course of the 2009 pandemic,
however, surveys reported that children had
used the extra time that they gained from
school closures to attend parties or prep-
school lectures outside of the home.3,4 The
behaviour of students during school clos-
ures is critical as it can influence the fre-
quency of contacts among children, thereby
diluting the effectiveness of the closure.
Compensatory behaviour among school
children has been referred to as the ‘com-
pensation of contact’ and is recognized to be
a key determinant of the success of school
closure interventions.5
While school closure continues to repre-
sent a nonpharmaceutical intervention
against future pandemics, few published
studies have examined the possible adverse
effects of school closure programmes.
The present study used data from a retro-
spective household survey to identify epi-
demiological determinants that influenced
the behaviours of children and their parents,
during the course of the H1N1-2009 pan-
demic in Japan. In particular, two specific
outcomes were examined: children leaving
the home during periods of school closure;
disturbance to parental work as a result of
such closures.
Subjects and methods
Study population
A retrospective survey of nonrandomly
sampled households in Japan was conducted
between 1 October 2009 and 31 May 2010.
During the 2009 pandemic, household
respondents for this survey were invited
from a Japanese community of research
monitors, established for the conduct of
multiple original studies.6 Formation of the
community was by respondent-driven sam-
pling, maintained by a commercial research
company in Tokyo, Japan.6 The size of the
community changes with time, but never
involves <10 000 monitors from different
Japanese households. Households were
included in the study if: (i) the size of the
household (including the index case) was
two or more; (ii) the household had at least
one child aged between 4 and 17 years; (iii)
the child experienced school closure or class
suspension at least once between May 2009
and the time of enrolment.
Enrolment was based on area sampling
across Japan, depending on the population
size at each prefecture, and only one adult
respondent was invited from a single house-
hold. The sampling was made by inviting
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two control households for each household
that had at least one index case. Following
area sampling, households with at least one
symptomatic case were initially invited to
participate in the survey; control house-
holds, regardless of geographical area,
were subsequently identified. A symptom-
atic case was defined as: (i) a confirmed case
of H1N1-2009 influenza, diagnosed by
reverse transcription–polymerase chain
reaction; (ii) a suspected case of H1N1-
2009 influenza, based on rapid diagnostic
testing; (iii) a case of influenza-like illness,
characterized by objective or subjective fever
and a cough or sore throat. Voluntary
participation of households with at least
one index case was invited, until the number
of households in each region reached one-
third of a predetermined maximum number
that was proportional to the regional popu-
lation size. Households were classified into
four groups depending on the school year of
the eldest child, as follows: kindergarten;
primary school; junior high school; high
school.
Respondents were fully aware that enrol-
ment in the studywas voluntary and that they
could withdraw from participation at any
time. For each household, adult respondents
were informed of how the datawould be used
and were assured of the confidentiality of
their responses. Written informed consent
was obtained from all adult respondents.
Approval of the study protocol by a human
ethics committeewas not required, as the sur-
vey did not involve prevention or treatment
in individual subjects and recorded existing
information anonymously. Respondents
received remuneration, based on the com-
mercial research company’s points system:
each researchmonitor is granted afixed point
on completion of each single questionnaire;
following completion of multiple question-
naire surveys, the accrued points can be
exchanged for a gift card or shopping vou-
cher. The survey was conducted in real time
during the course of the pandemic
(to minimize recall bias) and was completed
by the end of May 2010.
Household survey questionnaire
A standardized questionnaire was electron-
ically distributed to collect information on
the behaviour of children and their parents
during school closures. The questionnaire
focused on two epidemiological outcomes:
(i) the child leaving the home during the
school closure; (ii) parental absenteeism
from work (including a full day of absence
or a reduction in working hours) to take care
of the children. The contents of the ques-
tionnaire adhered to previously published
surveys,4,5,7,8 but also stratified subjects by
the eldest child’s school year and their
history of infection during the school clos-
ure. Some open-ended questions were also
included.
Respondents provided the following
information: the school year; age and sex
of the child; onset of illness (if any) during
the school closure period; household size;
household income; highest educational level
in the household; parental perspectives on
the appropriateness of the school closure;
degree of preparedness for school closures/
class suspension; details of how the school
closure affected their own employment
and daily routine; the need for special
childcare arrangements due to the closure;
whether the child went out of the home
during the school closure period (and for
what reason). All questions regarding
the child were provided for the eldest child
in the household only. Households were
also described according to the absence of at
least one parent who could care for a child
during school closure; such households
were those in which: (i) both the husband
and wife regularly worked; (ii) one parent
was a full-time worker and the other was a
part-time worker; (iii) there was only one
parent.
718 Journal of International Medical Research 41(3)
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Statistical analyses
Descriptive statistics for demographic,
behavioural and epidemiological character-
istics of respondents and their children were
summarized. In addition, two outcome vari-
ables were prespecified: (i) children leaving
the home during the school closure; (ii)
disturbance to parental employment as a
result of the closure. Both outcomes were
handled as dichotomous, and potential
interactions with other dichotomous or
ordinary variables were explored. Due to
difficulties in explicitly addressing con-
founding factors, and because the primary
aim of the analysis was to identify probable
characteristic factors of the outcomes, only
univariate associations were examined using
Fisher’s exact test or the 2-test. The level
of statistical significance was set at a¼ 0.05.
All statistical data were analysed using JMP
statistical software, version 9.0.0 (SAS
Institute, Cary, NC, USA).
Results
In total, 900 households were enrolled in the
study, of which 225 (75 households with at
least one symptomatic case and 150 con-
trols) had children in kindergarten, primary,
junior high or high school. Of the 900
households enrolled, 882 were eligible for
participation and had their datasets ana-
lysed; 18 households were excluded from the
analysis due to incomplete responses.
Demographic data for participating house-
holds are summarized in Table 1.
Reasons for which children left the home
during closures are summarized in Table 2
and the impact of closure on parental
employment is summarized in Table 3.
During school closures, 60.2% (531/882)
children strictly stayed at home, with a
minority leaving the house for essential or
nonessential purposes (Table 2). In total,
84.1% (742/882) of households reported
no impact of school closure on parental
Table 1. Demographic data from 882 Japanese
households affected by school closures during the
H1N1-2009 influenza pandemic.
Characteristic n (%)a
Households with at least one
child H1N1 case
296 (33.6)
Household size, persons
2 10 (1.1)
3 213 (24.1)
4 431 (48.9)
5 172 (19.5)
6 48 (5.4)
7 5 (0.6)
8 3 (0.3)
Household income, Japanese
Yen, 10 000
<200 20 (2.3)
200–400 126 (14.3)
400–600 263 (29.8)
600–800 230 (26.1)
800–1000 133 (15.1)
>1000 110 (12.5)
Highest educational level
in household
Junior high school 3 (0.3)
High school 134 (15.2)
College 89 (10.1)
Post-high schoolb 104 (11.8)
University 492 (55.8)
Postgraduate 59 (6.7)
Other 1 (0.1)
School level of childc
Kindergarten 222 (25.2)
Primary school 219 (24.8)
Junior high school 221 (25.1)
High school 220 (24.9)
Age of child, yearsc
4–6 224 (25.4)
7–10 154 (17.5)
11–14 219 (24.8)
15–18 285 (32.3)
Sex of childa
Male 425 (48.2)
Female 457 (51.8)
aDenominator for all percentage calculations is 882, the
household sample size.
bProfessional training not undertaken at university.
cResponses for eldest child only.
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working (Table 3). Respondents also
reported that advice regarding recom-
mended behaviours during school closures
(including the need to remain at home) was
provided by the school in 89.3% of cases, by
the parents’ association in 4.4% of cases,
and by the community in 4.6% of cases; no
advice was provided in 9.6% of cases.
Univariate analyses demonstrated that
the sex of the child, household educational
level, household income and household size
were not associated with the likelihood of
the child leaving the home during school
closure, or of parents having to take a leave
of absence from work in order to care for
their child. The extent of the school closure
was significantly associated with the fre-
quency of children leaving the home: closure
of the entire school, closure of a single grade
or single class suspension were associated
with 47.8% (75/157), 32.2% (64/199) and
40.3% (212/526) of children leaving the
home, respectively (P¼ 0.01). Younger chil-
dren were more likely to leave the home
during the closure, with 53.2% (118/222) of
kindergarten pupils, 42.5% (93/219) of pri-
mary school pupils, 30.3% (67/221) of junior
high school pupils and 33.2% (73/220) of
high-school pupils reporting that they left
the house at least once (P< 0.01). Primary
school pupils were most likely to leave the
home to visit a supermarket or convenience
store, followed by high school pupils
(P¼ 0.05 for the association between
school category and shopping). Junior high
school pupils and primary school pupils
were more likely to leave the home to
attend extracurricular studies (including
Table 2. Behaviour of children from 882 Japanese households in relation to
staying at home or engaging in outside activities during school closures, as a
response to the influenza H1N1-2009 pandemic.
Survey responsea n (%)b
Behaviour during daylight hours
Strictly stayed at home 531 (60.2)
Went out for essential reasons (e.g. hospital) only 170 (19.3)
Went out for nonessential reasons 181 (20.5)
Out-of-home activities by typec,d
Sports activity 77 (8.7)
Outdoor group activity 3 (0.3)
Outdoor playground and pool 84 (9.5)
Shopping at supermarket/convenience store 361 (40.9)
Shopping at department store/large shopping centre 170 (19.3)
Party 1 (0.1)
Extra classes, prep-school or English school 165 (18.7)
Concert, drawing or other artistic activities 18 (2.0)
Eating out 72 (8.2)
Cinema 3 (0.3)
Overnight stay away from home 9 (1.0)
Religious activity 4 (0.5)
Other activity 99 (11.2)
aResponses for eldest child in the household only.
bDenominator for all percentage calculations is 882, the household sample size.
cMultiple responses to this single question were permitted.
dData are provided for the 351 children who left the home during school closure for essential
or nonessential reasons.
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prep-school and English school) compared
with pupils in other school categories
(P¼ 0.02).
Parents in households with a child attend-
ing kindergarten or primary school tended
to be absent from work more frequently
than parents with older children; absence
from work was observed in 17.1% (38/222),
20.6% (45/219), 15.4% (34/221), and 10.5%
(23/220) of households with a kindergarten,
primary school, junior high school or high-
school pupil, respectively (P¼ 0.03). The
risk of a parent missing work was signifi-
cantly greater in those households where at
least one parent could not assume childcare
responsibilities; 28.7% (109/380) of parents
in such households reported missing work
compared with 6.2% (31/502) of parents in
other households (odds ratio [OR] 6.1 [95%
confidence interval [CI] 4.0, 9.4], P< 0.01).
Parental absence from work was also sig-
nificantly associated with the requirement
for special childcare arrangements; parents
in 44/64 (68.8%) of households that needed
to make special childcare arrangements were
forced to take a leave of absence from work,
compared with 29/251 (11.6%) and 67/567
(11.8%) of households with independent
Table 3. Parental attitudes and impact on parental employment in 882 Japanese households affected
by school closures as a consequence of the influenza H1N1-2009 pandemic in Japan.
Survey question and response n (%)a
Was school closure appropriate? Why or why not?b
Yes 820 (93.0)
To prevent the spread of H1N1 in the community 467 (57.0)
To prevent children from infection in the school setting 585 (71.3)
To prevent the household from infection 297 (36.2)
Pandemic influenza is a socially important problem 283 (34.5)
Other reason 12 (1.5)
No 62 (7.0)
Impossible to prevent pandemic 19 (30.6)
‘Significantly’ impacts daily life and work 9 (14.5)
Special arrangements required for childcare 28 (45.2)
Pandemic influenza mostly results in mild disease 31 (50.0)
Were you well prepared for school closures and class suspensions?b
Predicted and well prepared 623 (70.6)
Longer notice period required before closure 148 (16.8)
Support needed to care for children during closure 111 (12.6)
Prior notice regarding length of closure required 81 (9.2)
Others 1 (0.1)
During school closure, did you have to take leave or amend your working hours?
Take leave 114 (12.9)
Changed hours 34 (3.9)
No impact 742 (84.1)
During the school closure, who assumed daily care of your child?
The child themselves 251 (28.5)
Another household member 567 (64.3)
Special arrangement (including absence from work) required 64 (7.3)
aDenominator for all percentage calculations is 882, the household sample size.
bMultiple responses to this single question were permitted.
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children, or with at least one other house-
hold member who could take care of the
child, respectively (P< 0.01).
Proportionately fewer children left the
home in households that believed school
closure was an appropriate response to the
pandemic, compared with those households
that felt the closure was inappropriate
(318/820 (38.8%) versus 33/62 (53.2%),
P¼ 0.03). Children were more likely to
leave the home in households where special
childcare arrangements were required
during school closure, compared with
households in which the children were inde-
pendent and able to take care of themselves
(34/64 (53.1%) versus 90/251 (35.9%),
P¼ 0.04). The infection status of children
was not a significant predictor of their
behaviour to leave the home, but was a
significant predictor of parental absence
from work (P< 0.01); parents had to miss
work in 80/296 (27.0%) of households with
an infected child, compared with 61/586
(10.4%) of households in which children
were not infected (OR 3.1 [95% CI 2.2, 4.5]).
Discussion
The present study investigated the contact
behaviour of children and parental employ-
ment behaviour during school closures as a
consequence of the pandemic influenza
(H1N1-2009) in Japan. A large proportion
of children (79.5%) spent the closure days at
home (Table 2), only leaving the house for
essential reasons; most households (84.1%)
reported that parents did not miss any work
days or change their working hours in order
to care for their children (Table 3). These
data are consistent with similar surveys
in the USA.4,9 The present study also
identified that younger children and more
extensive school closures were significantly
associated with a higher frequency of chil-
dren leaving the home during such closures.
Parental belief in the appropriateness of the
closure, and children being able to care for
themselves during the closure, were signifi-
cantly associated with a lower rate of going-
out behaviour. The risk of parents having to
take a leave of absence from work was
positively associated with the infection
status of the child, younger age of the child
and the absence in the household of at least
one parent who could assume childcare
responsibilities. Parents were less likely to
be absent from work if the household
included independent children who could
care for themselves during the closure.
Data from this epidemiological study
suggest that, in order to ensure the feasibility
and maximize the effectiveness of school
closure programmes, it is vital to limit
unnecessary contacts among children
during this time; appropriate measures are
required to achieve this. The present study
demonstrated that contact was more likely
with younger children (attending kindergar-
ten or primary school) during the closure.
Similarly, the age-dependency in psycho-
logical response (e.g. risk perception and
willingness to accept intervention) to the
pandemic has been observed among
adults.10 Depending on age or school cat-
egory, children left the home for different
reasons and, as such, the corresponding
optimal countermeasures are also likely to
be age-dependent.11,12 Moreover, measures
to improve the acceptance of school closure
among parents should be implemented,
since it is important that there is a proper
understanding of why contact among chil-
dren should be restricted. Taken together,
data from the present survey suggest that a
substantial effort regarding risk communi-
cation should be undertaken in advance of
the next pandemic. It is important for
parents that the impact of school closures
on their own employment is minimal and it
is likely their acceptance of closures is
directly related to this. The present study
demonstrated that the age of the child, the
independence of the child and the absence of
one parent in the household who could
722 Journal of International Medical Research 41(3)
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assume childcare responsibilities were prob-
able determinants of the risk of parental
absenteeism. Addressing these points
requires public support to change and
improve the working environment for par-
ents of children affected by school closures.
A government policy to permit paid leave
during school closures may, for example, be
worth considering under these circum-
stances, and the cost-effectiveness of such a
policy should be explored in future.
There were some limitations to the pre-
sent study. First, the participants were
derived from a convenient sampling proced-
ure rather than from a random selection,
meaning that a potential selection bias could
not fully be avoided. Secondly, it was not
possible to avoid recall bias since the survey
involved several months of recall. Finally,
although the results may be useful to inform
policymaking in general, they can only be
directly applied to a Japanese population.
In the case of other populations with differ-
ent cultural, ethnic and geographical back-
grounds, household responses to school
closures may be very different compared
with those reported by the present survey.
In conclusion, the present study identified
that a large proportion of children affected
by school closures in response to the influ-
enza H1N1-2009 pandemic in Japan stayed
at home or went out for essential reasons
only during the prescribed closure.
Furthermore, the majority of parents
reported little or no impact on their working
hours as a consequence of the closure. The
frequency with which children left the home
was age dependent, suggesting that there is a
requirement for a more detailed understand-
ing of age-dependent behaviours under these
circumstances and for the optimal counter-
measures to prevent child contact during a
pandemic. A public policy to permit a leave
of absence from work during periods of
school closure could be a valuable option to
parents and the potential effectiveness of
such a measure should be assessed in future.
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